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‘1’hc ‘J’hcmry  of lnvcntivc l’roblcll) Sol\itlf  (’1 I l)S OI also knowJ) :is ‘1’I<IZ) is a ncw scientific
approach to innovative inlprovclllrrlli  o~’ IJI I KiLt S arid I) Ioccsscs, ‘1 I)is Incthodo]og,y was app]iccl
to inventively improve perform) ICC (d [III I ntj’lated  optic Rate Srt Isor (101{ S). ~’hc problem
was to inlprovc  :ingular  rate scnsitiI’it  >, 11{11 li[’ l]t is 10s1 due to the lKcd  fol an incrcasccl  optical
wavcguidc  lcnp,th. IJ1 other WOI ds. tlli) c aI L’ :,)llnd  lc~])nica]  Icaso]ts to have the ]Cngth Of thC

wavcguidc  both long and shor( 1 h\I(I(~j)II],]it  of nrw inlmvati~c  ideas was based on the
understanding of the “1 ,aws of l{lI[~,ilIc,.1  ill~’,  Syslrnl llvolution”, “lllvcntivc  ]’rinciplcs”  ancl
“]; ffccts” app]icd to SOIVC t h i s  ]1]1)’si(’;Il  c!.11111 ,I{iiction.  lJsinp, t]lc “lnvcntivc Machine llxpcrt
Systcm Software,” sixty-four pot cllti:~l  I I,:\i S( l~ltiolls  WICK gcncratcd  in a very short time. ‘1’hc
number of ncw solutions gcnclalcd  11)1 IISI 1111 ‘1 1: I Z is c.mlsidclcd to k mu an ordcl of magnitude
hip,hcr  than usilig,  the old mcthocls,  ‘1 ~io i(l~;~s  !Iavc Jmtctit level quality.

1. 1 l~hro<llldih!~

“]nnovatc.  or disappear“ is the sloj’,ii]i  {}ftc] I IIcar (i todny. ]n the last two IIuldrcd years, the quality
of life cm carlh was tremendously iII~])I(l\  I.xl d~i. to ~ni II ions of invmlt ions and innovations world

. . lt~vc]ltion  and innovation arc born as thewide in the field of cnginccrin[l  aIId Ic( III K)lI )py
ncccssity  to solve a ncw technical 01 JIotI (CL1)I  I I(:al problcm.  As custolnms  demand for better and
better quality pI oducts  is ever incl casil III,  . S(.I  is II IC dc]nai id for inno~’ativc  products and process.
‘1’hc “1’hmry for lnvcntivc l’roblcln S{)llil 111 ( I J I’S) , also known as ‘1’1{17, after its Russian
acronyms, is a ncw]y IJ. S. int~oduccxl  ~IIcIIIo(i~~logy  Ih:d is lc~’ol~ltio~li~il~g,”  the way the problcm
solv ing  i s  pcrft~rnwd. ‘]’his ncw cotit(>l){  \I, m first col~cc])t~l~lli~,e.{1  ill 1946 by l)r. C~cnrich  S.
Altshu]lc.r,  a brilliant Russian il]~~ntt)i  ‘1 II( u) IIccpt wras flu-(her cxt(:l~dcd  aid used by thousands



. . .

of engineers all over former Sovicl  lll~if~rl  al 11. I II I( wc ruccl It] y a(ioptcd by cI]p,inccrs and inventors
in f luropc, .lapan, lsrael and (J.S.
‘1’hc lntcg,ratcd  (Ij>tic  Rate Sensor (1( )I{S ) IiYiI~ 11 IOSCII  IO in\cntivcl y ilnprove its pmformancc by
applying the piincipa]s  of “1’11’S/’1’1<17 ‘1 IIC task of applyin[! lhis ncw mclhodo]ogy  w a s
tremendously facilitated by usin~,  tl]c t}II IC( c}. ] mt syst cm apjllic.aliom  ])rovidcd by lnvcntivc
h4achinc  (kwpmation  that combi]]cs  a) ii firiol  illtllli{!cllcc with the AltshullcI’s  3’RIZ theory. All
three currcntl  y :ivailablc  lnvcnti~(!  h4arlli  I IL’ I ‘xpcl I S)’stcTn  sofIwaIc  pac.kagcs w e r e  u s e d :
lnvcntivc  Machine Princip]cs  (I M-I)); lllvl~)tii  c Macl~inc  l’rcdictions  (lh4-Pr); and  lnvcntivc
h4ac.hint 1 ;ffccts (l M-l;). ‘1’hc nmil~ jT,L~:Il  \~.tl< I(I I mvicie the opjmrtu~lily  10 apply lhcsc powerful
inventive concepts and usc the higl~cst  ])():si I II{. LonccI)t  I ,ition of mxmsary  know]cdgc  in order to
SOIVC the I 01{S improvement pI~~lJlcI  I I, I’tlc lII\)blcII-I \vas to ilnjuovc  the 101<S angular rate
sensitivity while light was lost in :1 IOIII!CI  ol~ti(  .I1 }~’itvc~tlidc  tliat is required in order to improve
anp,ular  rate sensitivity. Usinp, ‘1 ‘1<17 (i(’fll:L’(1 “1 AMs of f hlp,ilmrinp,  System Involution”,
“lnvcntivc l’rincij~lcs’>,  and “J {ffccts”, a liil  l~,c I lurnbm of possible IIcw inventive solutions were
gc]vxatcd  in a very short time.

lntci’,ratcd  oj~lic Rate ScnsoI (1( ‘11<S) is a II Iicro ojlt ical wavc~,uide on a rectangular silicon
wafer. ‘1’hc optical wavcguidc  is s] IN(I c] (xl jIlass on silicon i~afcr utili~.i~ig  an c-beam formed
mask for wavcguidc  fabrication. l’i[’ult’ 1: II(I 2 jmoiic]c  toj~ and side views ofthc 10RS.
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Where:

Index of Rcfiaction

NO< N1<N2

1 mcr light is coup]ccl  i]lto  0]11 ic, il \v,t  i ( ’gu ide  and Inopap,alcs to bcamsplittcr 2 .  (See
figure 1.) IIcamsplittc.r  7 s])lit’+ tllc Iij)!lt  equally, tl)us two bcalns  propagate in opposite
directions in the spiral wave.{’,uI(lc ( ’01 II Iter. prol)ag,atil){[  li~l~t  recombines at bcamsplittcr
? and pmpagatcs to bcamspl  it[cl  1. IL iilnsl)lit[cr 1 splits tllc light equally; one-half tbc
lipllt returns to the optic:i]  SLILI?L’,.  111])1[ (utlf(Hilmatc]y)  aIId olm-ha]f  is coupled to lhc
Jhotodetcctor.  ‘1’hc dcvicc  ]))(..iisi]l I.-! I {I I,: of I otiit  ion uti]i7il)[:  tbc “Sagnac effect”, where
the rotation rate input axis is ] x-rj)( JiI I icl I Iiir to the plane of the spiral wavcguidc.

Normally, counter proJ):~j’ati~l~’, Iil’lll  I }cams in  the  spilal wavcguidc  rccombinc  a t
bcamsplittcr 2, in phase. At i{ ]l)tlti~)]]  I ittc input !2, k cou[~tcr propagating light beams
in the spiral wavcguidc  rcc(~lil[li  II( ii I b(imsjjlittcl  2, out ofphasc.

Where delta phase, Aq) ~ .41 J 1,1< ! )
1,(’

1 ,cngtb of Spiral Wa\’cj:\li{ic
MC:iII Radius of Spiiij] \V’ii\(j(]i(l~

Wavclcngtb  of 1 ,ight
Speed of 1 .ight
Input Rotation Rate

Sil~cc  rotation rate scnsitititj  is 1)1 [I] IL~I i ~(}nal to lcnp,tl  I of tbc wavcguidc,  wc would like to
make the optical path lcn~’,tll  o{’ tllc s.pi F .II wtivc[’,uidc as ]onp, as possible. lJnfortunatcl  y,
the 10SSCS  in the optical \iw\rc{’,tlitic  ill ( large, 0.2 dll/cml. If” tbc losses arc too large, no
Ii[:ht  carrying output sign:!]  is (Icttct(.d,  , i~ld  I]lUS 110 al~[),u]a!  ]atc can bc mcasurd.  1. OSSCS
arc bc]icvcd to bc duc to \\’ii\’~j’,lli[.1~  IUIIII,l)I~CSS.



v. chllfl~ck!]f:  1 ;nvirg)l)nlglln

i n  C)rclcr’  to sLlcccssf-lllly iJll]llo\’L’ 101<s  ]’)CI  formallcc, scvcIal  conflicting clcmcnts m
pmblcms have been idcll[i  fir{i Ill, II IIC~ .i to Ix rcsolvecl.

●

b

●

M_al]:igc~l~ctlt_gg!]fl  ict ‘i’lli~ 1{ )i<. S Icch IIolojI,>~  to bc colt)~mtitivc  has to bc kept at low
production cost, ]om IIIaSS :iII i :*I 11:11 dcvicc  volume. III mdcr to keep production cost
conlpctitivc, the intcl~t  is 10 III;IL;S IIIoducc  this nlitliatulizc(i  angular  mtc sensor. f]ut
before it is mass p] OdIKXd$ 111. J ( )]? S has 10 lIavc hi[;h 1 otation rate sensitive.
~cgljlli~flc~!~lf  ligt. 1 ,ow m S1 i{ )W ~wigl)t,  sl]~all volun~c and high rate sensitive 101{S
is a ncw un-provcll  tml]t](~l(}p ~,. II ] Ias tra) SIIOMTI that a short optical wavcguidc has
lit[lc light loss, but i JCI ii)I I IItLi LII (I reduced  aII~,ular  rate. sensitivity. On the other
hand, a ]ongcr opticai \v;t\<i’,(li(ir  II ii m i]]~]mvcd mEulaI ]atc scnsinp,,  but has large
light 10 SSCS. l)UC to optic;il  io:.c: in a IOII{I,CI ojdical  \\’avcp,uidc,  a weaker optical
signal is dctcctcd  at ti~c ollll]llt  [III ! Ihus it is more diflicu]t  to measure the angu]ar
rate, and therefore no ill~p~tlvt  1111.Jtt  {)f 101?S  rate sensitivity is possible.
J’&ical  c o n f l i c t .  III [lIlx II~, ] III) sical col]tradiction  is when a rcquircmcnt has
opposite parameter cl Iarm’t(”r  i<li(s. III tlw 101{S case, tllc physical conflict is caused
by the need to have a s}wt ( v,; ~~[~l~i  I iic whic]l is not losing. propa~,ating light but is not
rate sensitive , and th( IILCLi t I lIa\I( a lonfiuI wavcj:uide  to improve the angular rate
sensitivity but is lo[lsill[l,  pI~\~I[,;T,;, till iigl}t.  ‘1 i~c physical contradiction then is:
‘1’~ ]IAV1~ A  S]]()]<’1’ ()]’ I ‘]( ‘A 1. \$;/j\)J;(;lJ] 1)1; an(] 1’0 IIAVIC A  l,OIVG
01’’J’1CAI,  WAVILGllll)l.  i); c1 ~lt)inatin[}, tl]is physical contradiction, the 101<S
angular rate sensitivity IvIil IIL I rIIi)I~ I\Icd aIId the problcl]~ wiii bc solved.

V]. ()~~cgjfl~~gl~l  t]vcstij)atio!l—- > -–.

‘Jl~c O~>~cct/J~ic]d  Analysis is t i I(’ t [)1 IIC \{onc  of ‘1’1<17,,  1 {ach pI oblcm has to be broken
down into clcmcnts  of twt~ {}lIjccI.  :IM a field Imth for positive Icsponsc  and negative
response. l’he, object ficl(i anal):, is i: nt ILIC u]) of the followiltp,  S-l~icld diagram:

I

/
/’
s,- “s,

: is a “fic]d” tl]al rcprcscnts  an energy

In the 10RS real situation], duc (~ I tiw ILII}I,hncss  i~f the ~vavc[~,uidc,  some of the polarized
input light is lost due to rcfractit~jl, ‘1 () i I II})Io\c tllc inwald plojlap,ation by reflection and
dilninish  outward refract io]], a ciad is a(i icd oil tllu outside of tl]c wavcguidc.  1 ;vcn with
the cl:id a(idcd, some polal  i~~d ;III)(II ii{ ’,] II is still lost, ‘llIc S-l;icki di~g,ram for our 10RS
systcm is:
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‘l’lie “function” i s  t r a n s m i s s i o n ,  0[ siill]~l~  l’1<ANSh41’1’”,  wl]ic)l
functional statement, “WAVl; (i[.Jll  )]; l’l?4RSh41’J’S  11< I,l(ifl’1’”
uncicsirab]c cffccl, i.e., not all the I 1< 1 ,1( d II’ i. Ilalwnittcd;  s[mlc  1 R
of the conceptual approach is to IJiivr Ilil?l ullisslo]] Ivithollt  ]osscs.

VII. ~t]q l(~galizgd IJunctig

is tl]c action-verb in the
‘1’hc “slars” indicate an

l.1(ill’1’  is lost. ‘J’hc object

‘1’hc i(ical situation is when Ihc prwim:t  is J)JI Jornlinp, at infillitc  ]c!iability, and at no cost to
produm  the product,
In aII idc.al 101{S system , the IiS,ll( SlI(IIIILi  l)j(~i  I: I[:atc tlIIou[:lI [he \]il\~p,l]id~  as if no wavcguidc
is there at all. ‘1’hc ideal situation is wI](’IJ illl ICI tlrnilip,  lip,lll  is (ic[cclc(i  at tlw output regardless of
the length ofthc  wavcguidc.  ‘J’l]is will iill(lt~ III( Iatc  scn~itivity  to apIHcMc.11  infinity.

VIII. .A1yilysi:_gf  10RS LJsi~lgllj~{]tflioll  Nla(}li]  IC l.’[ir1(iJJlcs.l{yI)crt  Systc[y
(Jsing Invention Machine ]’rinciplvs  (i hl 1’} 11~.  j lcr[ Sys[cm, the following  Inventive Principles
WCIC  rccommcndcd by the Icchni(.ill  c{l}lt  I a.iict IOIIS wl]i~h CnKI ~,c(i, ‘l IICSC inventive princip]cs
WCJC used by ana]ogy,  along with the uw w l;tt~~.1  patcilt  collection, to an ivc at possible solutions
to the general ploblcm of”no or Iit(lc (!IJI(:l(uI signal cilIc to 10SSCS” aloIIg  the wavcguidc.  Using
inventive principals from IM-1’ St)fi\\,lTt, (cr ijin tc(’lll]ical  conflicts (sl)own bellow) can bc
ovcrcomc,

~.~chnic~t  f~mfl.ig[ l<ccon)IuIcI)(lc(i 1 l~vcl]ti~:c..l>ritlcip~.

1 ,cngth of Stationary Object vcl sus IIllllllil  III ion # 3 10CA1,  QIIAI.I’1’Y
Inlcnsity /1’2s Sill ,1~-sJ’xvJ(:li

I mgth of Statiom]y  Object vctsus  1 AWCS (.11 //24 lN’1’l;l<h41;,l  )IARY
information fl?() (~ol}}rlN(i

1 ,cngth  of Statiolmy  Object versus Mca<l]t  1:11 IL:II #132  (~llAN(il;  01” (~0101<
Accuracy //28 (;l IAN(il~, h41i(~11.  II1;SIGN

/1 3 1,O(:Ai  , QIJAl ,1’I’Y

1,cngth  of Stationary Object vmsus 1 )ifl ICIII[}  of //?6 (WI) YIN(;
Mcasurcmcnt



1 KKAI.  QIJAI ,] ’l’Y:

COPYING:

lN’I’lil<Ml;lllAl{  }’:

CllANC;li  01/
co] ,01<:

CIIAN(;I;
MliCllANICAl,
I) I; SIGN:

(1) Go fl~~l,~ :{ (IN I I 01: M S’I’RIJC’1’(JR1; f~f lhc wavcguiclc  to a NON
lJNll~Ol<h4  S’11<( ~(.’ I’(J 1<1;; (?) ( io from a LJNI}ORM  S’I’RIJC”I’[JRI; of
thc ~xt~lt]iil  CVI\iI(I)IIICIIt  (lip, ht?’!) tO a NON [INII;ORM S’I’I<LJC”l’LJR}}.

(1) lnslmi  oj’ :111 ill I:{llilab]c,  com])licatcd,  cxlmisivc, inconvenient or
fragile objccl,, usc it i si I IIidCI an(i chcajwr  copies; (2) Rcplacc  the object
or systcm oj” ~ll},i(.t  <i ~i i [h o])t ical copies  (il]lagcs),  scaling, up or down
these copies: ( 3 j I f vi .il)lc old ical  copies aIc used, go to infrared or
ultraviolet coj]il’s.

( 1 )  [Jsc arI ir]tcljl,cliatr car t icl atticlc  (wavcp,uidc??);  (2) Merge the
wavcguidt  [(’II IIKJI  iit i l) Ivitll  another  o b j e c t  ( ? ? ? )  which  c a n  bc e a s i l y

removed.

(1) Chan{IL tlIr u II(II (1’ the ot)jcct or of tl~c cxtcrllal  cnvimnmcnt; (2)
(hangc  tlIr ttiillsl).l{t.f~(i  oft}lc otticct or ofll]c  cxtcrl]al environment.

( 1 )  “1’hc (~lljr{l  IIIal, SI’I vc itsc]f tJ~ ]xHfolmillg auxi]iary and  rCpair
operations; (?) 1 1s, l~asl L (of mm gy, sabstancc, de.)

(1) Rc])]acc II ICClI:IIII(:al  <ircuits  with optical, acoustical or odor circuits;
(2) lJSC clccfl  ili[~ , IIl:i;’t]ctic  01 clcctro.ll]ap,tlctic  fields to interact with
the objcc.t; (3) (h) f I (I I I static fields to ]m)va[)lc  ones, from fixed to
variab]c, fr(n]] 1~011-:.IIII(ILIIcCl  fields to those l]avinp,  a certain structure;
(4) LJSC  fic](ls  ill c )Ilil]tl  [ion with fclro-l]~aj~,l~ctic  particles.

‘]’hc  following observations, rcc[)ltl]lltll[l:ltit)lls  (Iircctiolls,  sollltions  and paths arc observations

frmn applying these inventive pri]lcij)lcs I(1  l}IC I( )1<S Syslcm,

10(;A1 , QLJAI ,1’1’Y l) RINCII’l  ,1; 13
1. lJsinS, l,oca] Quality l]rincil)lc,  I’,IJ f] ,1111 a (Itiifolin  to a non-unif(rrm structure for the light

inpat,  using several laser bCiil IIS (1 I (1 i I IcI I 1111,  wa]’clcngths,  c)btainil~g  a wavclcngth-vcrsus-

phase-shi f t  profi]c which is I clalc(l  it I I ()! It ional sl)ccd (as coIrlJ)arcd  with just onc phase
shift for onc laser beam, as r(liit((i to l(lla[li)~)al  spcx’d).

?. . Go from a uniform to a non u[lil~)l III Vlat ~’[!,uidc structure. IJ(w example, what would the
idea of ’’many parallel wavcpui(lcs”  ]Il{ii(]’)

?. . What would a very very small w:iju~u}(lc  .i/.c ]])call (aid do)?

4. What if the mean radius of tllc s~)iral  v.:t~{ i~,uidr  a]~]moachcd  itlfil~ity? What would that do,
and could it bc made?



. . .

.

5. .

6.

7.
8.

9.

10.
11.
12.

13.
14.
15.

cat] wc  intentionally usc in[~t l]al l~flcl~i{lll  inside the wavcguidc  (e.g., at sclcctcd  points) to
simulate a much longer wavc~~,llld~’  \’ll 1~’i I I I I f“acl,  il is nol ] nuch lonp)cr?

If wavcgllicic  roughness is bllicJlil t [) Iw II IC chief’ cause of losses, what positions or points
on the cross-section arc most llkily [(~ C(J1  ltl ibutc to losws? 11’llat  can bc done in advance
around these points?
What would “applying a period icitj  I( 1 t II il]co]t-tili{: lascl  lip,hl Pulse” do to our problem?
Could wc crcatc a “pcriodicity  ill SII LI~r” i ~ tllc lva~’cguidc,  so that a unit length of it would
rcprcscnt 100 or more actual Ic.111’1}1  .’? 1 (! cxaII)plc,  wlMt  if tlIc wavq,uidc  was extremely
wavc]ikc  while it procccds  in ils  {~,~ll~]iil  (Iitcctiol]’! What if tllc amplitude of the physical
wavelike wavcguidc was VCJ }’ lli~’.tl’?
What action during the wiIiTLjI,L]i& tI~iII lufwturc  could rc(lucc  or eliminate wavcguidc
roughness?
What woul(i  a pu]scd laser l)~iit))  (it) I(I ll)i Iwoblcnl’?
What would a pu]sc of diffcl c}It 1 i~c l+a} ,lcn[’,[hs  do to this ]Mol)lcm?
Can onc part (operation) of’ tlic 1$’il\ :~’[li~  \ bc USC{  I primarily fhl transmission, and anot}lcr
part (operation) to rcducc  losses’j I [ S( 1, 11 ltv s{)’?
What would a “wavcguidc  MIOUII(l  UIIOII i[.(if” ]ncall, or look like, or do to this problcm?
What  if the variability of mcarl  t :ldi~l<  I.~f l} K spit al wa~cguidc  were radically incrcascd?
Can wc make a “wavcguidc  u it Iii 1 I a ltwi ~~,uidc?” (;an wc cal I y this to cxtrcmcs? What
arc the implications?

Col’YIN(i  I’R1N(31’l>I;  #126
16.

17.

18.
19.
20.
21.
22.

23.

Make a list of what factors (n}a[~tiils.. si( , shal)c, confi~,uratio~i,  etc..) might cause optical
10 SSCS, and accentuate thcsr fiwlol !. i I i s. Jcral sill~ulatc{i  phaw shift tests, using “1’aguchi
Analysis to dctcrminc the “{)]ltil])lll ii’ ~,cral I c(~lnbinaf  ion of parameters which has the
Icas[ losses.
Ckmsi(icr  ways to amp] i fy t] IL: Joli){loll[”  effect 011 light tlanslnission, making for an
apparently lar~cr rotatiolial  sjxxxl  Ill III a(l ually mists  (i.e., am]difying  the Sap,nac  Ilffcct).
Spiral the spiral (i.e., a spirti] lli[liill [I sjlin<kl).
Is the Sagnac  l{ffcct amplifi(xi l}J all cl(x,! t~nul~,tlclic ficl(i?
1s the Sag,nac  };ffcct anlplifi(xl ill CC~I III li]l II ion writll otlm cffcclsl
Stu(iy standard rohtional  siluatio]ls  ;III(I c )InpaIC actual VCI’SUS staIIchI’ds.

IS there any relationship bet w~:~l I tl IC ‘ o~ I: ical losses” cncountu  cd, an(i rate of rotation? If
so, could this be considered in ~l(~(’l(~l}ill: lI)c Il]c:jwring syslcln’?
What if wc chaagcd  the ‘l’YI’] ~ ()( cl(’,tl<lll:lgllclic  radial ion f?mn the visible light  range to,
c.p,., ultraviolet? infrared? wavcIL>I  111  Ills i ii! bcyol  I(i the visil)l~:  range? Can phase shifts bc
cictcctcd  lnorc easily’?

IN’I’IIRMI{l IIA1{Y PRINCII’1 .11 iL?4
24. Can the laser ]i~ht  bc rc-cit  ~uliit~’<i w \ ct ,:1 (many’?) times wi[llil~ the wavcguidc  to simulate

the length of wavcguidc  whirl  I ]Iot II lit!  l} would Ix rcquil  cd to yield hi@ sensitivity?
25, Can additional light bcan~s be il~~t  l)d UC(,1 into tllc  systcm 10 “plotcct’> the phase-changed

lipl]t from being lost due to wav(”j~,ll  Idr I (Iu@IIcss’?

26. What intcrmcdiatc substatlu:  (,t wli, lti [)])”  ) call bc applied bctwccn the incoming light and
the rough :ircas  of the wavc(’,uidr,  tl I :!ct ;:< a “l)uflkr’>  m]c, Ill ~wcntin~,  or reducing 10 SSCS?

27. Any intcrmccliatc  layer or l~ufli’[  zOO( M ill “sll”lOO1}l” out ]Osscs.



.

28.

29.

30.

31.

32.

What  third  substance (clcdi orI la}’]  Kl it 1< Iiatif)ll’?)  calI be added 10 the systcm to rcducc
10 SSCS?
(Ian the incolning  light pulse bc ‘ dm,tI.~IctI”  or “dol)cd’> ill some way (e.g., with other light
pulsm) to lnakc it lCSS  suscciltilllc  it.) l{~wt’.. or o]) tlic othm haml, to make the phase change
mo) c pronounced?
Can the incoming light bc c(ul~t<)ll((j  t)y all elcctr(lll~:igtlcli(  (’or Other) ficlcl,  in orctcr  to
rcclucc  Iosscs during rotatioll;il nlt’ai~lrtin( ~Its’?

l}xp]orc means of making the wa\cp,lliLlc 11 mrc :111-i~otropic,  prclmolinp,  light transport along
the lcn[’,th,  but not radially.
Add a thitd (and fourth) cfitct  1(} tlIC S:j’,tlac “l{otatioll-]jl]asc  CIMIIF,C” effect. Consider
clcctl-ollla~,llctislll.

Cl lAN(;I;  01~ (X)l.OR l’l{l NCII’I /1; #1:12
33. l)uring f:~bric.ation  of the wai’cj~l]i(lc,  (lm IILJ,C CO](U of the two different glass media in such

a way as to rcctucc  losses (c. {1,., cli:tll~’c  (lr[IILw of]cllcctivity,  etc. )
34. Coat wavcguidc with I~oI~-tI-~tl~sjJ;tll’11{  II ICJI(IIN  duritlg fabI icatio[l
3 5 .  l;orm a wavcguictc  cross- scctioll wlIlc!I Ii I: uses ali>r radial Ii[’,llt inwards, thereby reducing

losses bccausc  oflhc gcornctr.v  of llIt \tav(j’,  uidc’s  cross-smtioll.
36. III general, m a k e  t h e  wavcpui(l~: I I I( II c. t t ans])arlllt  to li:,ht  :ilorrg, its Icngtll,  and ICSS

transparent radially.
S1;1 /1~-Sl;RVIC:l;  l’RINCII’1  ,11 #l?$
37. When the wavcguidc  trans)nits  lip,]  it it uscs tllc  effect itself (li~,ht transmission and/or

rot:ition) 10 rcducc  l o s s e s ,  or to itll]ll~ ~vc scllsitivity. (’ollsidc~ how tt~is  might bc
acconlJ>lishcd.

38. Coil several wavcgui[ics  to~’,ctllcl lcll~lllv i~c. (irc)up scvcIal  wavcguidcs  in parallc]. Coil
the wavcguidc to form a la>cr, tllcll a JIc:i[  layer, ttc., to simul:itc ]cnp,th.  What will these
three situations crcatc?

39. Usc the centrifugal force II,(3 ICI iil(  ,.I t))  I otati(~n  to change the ctcnsity,  and thcrcforc,
transmission proJ>crtics  (a[ld If )SM~)’/”  ) (11’ the wavcf,ui(ic. 1s tl~crc a density/rotational
relationship?

CIIANGI1 01: Mt;CllANICAI,  1)1 LSI(; N I’ltlht  ‘1l’1 /1{ #!28
40. lntroducc ferromagnetic pat [iclcs il![() tll wavc[{uidc material and clmgc the phenomena

with an clcctromagnctic flcld.
41. (Jsc ferromagnetic particle addil i IC lo tI) :+vc[’,uictv  matc[ ial to fabricate wavcguidc  in the

manner desired.

IX. Andysjs..gf  101{S lJsjiIg  lnyl-lti~’c h41[ IIill  l’!gdi~tiwl l.~xPW SYs!W

IIy usinp, lnvcntion Machine l’1-c(liction (1 h!l’~ ) llxpcrt  SystcIn a l]ml~bcr  of additional 22 ncw
poss ib le  so lu t ions  and  conccpls  wcr(: j’c[wt~~(’d.  ‘llx  lh’1-l’[  “objcctl - Action - 0bjcct2°
interaction evaluation, as well as. tllr “1’l(:,licl~(ln  ‘1’rcc” analyses WCI c explored. Some of these
IM-}’r  sup,gcstcd solutions arc sill  Iil:il  t <~ orlcs :lmvc lcsultcd  from IIIC
Ncvcrlhclcss, all of the lh4-1’~ su[’p,c:tlul  soitions  alc listed. ‘1’J”Ic
suggcstd  solutions:

IM-1’ proposed solutions.
following arc the IM-1’r
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1.

2.

-+. .

4.

5. .

6.

7.

8.

9.

U S C  101{S wi th  bct(cr cffici(u)(..) l):! (Isirij’,  m) illtctll]cclia(c  CaII icr a r t ic le  or intcrmcdiatc
pmcx%s. l’rinciple  24- ‘lN’J’l[l{hll  I II AR}”:
●  LJSC of an  intcrmcdiatc  carl  icl ill  [i(lc (J I ildcll]lc~iiatc  pIoccss

●  h4crgc  one ol>jcct  ICm]WI itt ~ ~vitll aI I(II I I(I (~lliicli  can I)c ea<i Iy removed)
lJsc 10RS with better cfficic]lc? bf L 1): 11~’,inp,  t}lc transparency or color. l’rincip]c 32 -
‘CO1 OR (:1 IAN(;1  X’ :
●  (;hangc of c.olo~ of an objccl t~l it [ YIC I IIal cln’itonlncnt
● Change of transparency of’ all {~llj,(l  or its cxtcnml  environment
lJSC 10RS with better cfficict  lcy I))’ ~ i:! )Iac I IIg a IIlcchanical  rncww by electrical, magnetic or
clcclromap,nctic  field. l’rincijllr  ?8 - h!f{( I IANICS S[J13S’I’I’I’[J’I’ION’:
. Rcp]acc  a nlcchanica]  mca]]s \*ilt  I a scl l-wry (optical, acoustic., taste or smell) means
. lJSC electric, magnetic, a]]ci cllx[r{ lnla~’,lictic  fic]ds to interact ~tith tllc objccl
. (~hallgC  from static to Jnoi’iI~I](’  fifld~
. l:mn unstructured fields 10 tli(~w l]a~’il~’ slructurc
● Ilsc  fields  in colljunctiml  willl jiL. hl :lcll\atcd  (c. p,. fclronltip,llctie  parliclcs)
LJsc 101<S with better cfficic]~cy  I>y I),IL in[ racl~ pa) t of atl object  function in conditions nmsl
suitab]c  for its operation. l’till(i]}lc  3 ‘ ),( J( ‘Al. QIIAI,l”I’Y’:
●  (;hange an o b j e c t  structut( flolll  ulii l{)]) I) to ]Jon-uniforlll
● (~han~e an cxtcrna]  cnvit ollll~cl)l.  (()1 (xi (ma] illfl ucncc)  from uniform to non-uniform
. Make each part of an ol)jc,f ~L][ L[[[ ~ )] I it I ~wnc]it  imls most suitable for its operation
. Mtikc c:ich part of an objc.  t fLIl fI 11 a di (I (rent an(i useful function
O b t a i n  101{S better cfticicncy  t)) (li,i(lill{ aII olficcf itlto indcq)cndcnt  parts. l’rincip]c  1 -

‘ S1;{;MI;N”I’A”I’I  ON” :
● I)ividc an object  into ildc]}l’l~~{t.’]lt  ;I);I R
● h4akc all object easy to dis:tsscll~tl~,r.

● lncrcasc the dcgrcc Of fl’;l[)l]l~slllitli~ll  (SL ~’,[nc]]tation  of all object)
Obtain 101-?S with better cffiricli(j  l)) s.J),l r (It inj~,  (it  I sJ)ac.c o] ti~llc)  an ‘interfering’ part from
an ob~ccl. l’rincip]c 2- “1’AKIN(i (){11“ :
. Separate an ‘intcrfcrin~{> lXII t (01 ]~~ o]wf[y) frolll  all ol?jcct or sillg,lc  out the only ncccssary

part (or property) of at~ objccl
Obtain 101{S with better cfficic]~t,.~  l~;, ] JVJ J, )rn~ill~  I ~quircd chai]p,es of an object before it is
nccdcd. Principle 10- ‘I’l{l;,  l.1 h4AN,%l~,Y i4C’1’loN”:

● l’crform, bcf(~rc it is nc.cdcd,  11 I( I v]ilil i.,1 chal~[~,e of an object (either fully m partially)
. ]’rearrange objects such that (Il(”jr  c{{])  ( I IJne. into actiol~  fmn the most convenient place

and without losing time fbl tljt.’ir (l(,li\’c[ \
Obtain 1[)1<S with better cfiicicllcj l)) usi}),, g,as or liquid Jmrts of an object instead of solid
parts. l’rinciple  29- ‘l’Nl;[Jh4A’J  1(’ ,0 11}’1 )RAIJ1.l(X’

● Use gas and liquid parts of iill (ll!j(:t ill:~cad  of solid j~al[s  (c,~?,,,  inftatab]c, filled with
liquids, ail cushion, hydros~a(ic, h@I  t~. r,activc)

Obtain 101<S with better cflicit.uwy  l~y ca~[si]  111,  all object to vibriltc m oscil]atc. Principle 18-
‘MI{(:J  IANICA1 , VI III< A”I’ION’:
● Cause an object to oscillate 01 t’ilu ,t(
● ]ncrcasc its frequency (cvctl uj~ to lJltrcm  Illic)

●  ~JsC an O~)jCC1’S  KXO1lallCC fIL’(]lllJlt  j’



10.

11.

1?.

13.

14.

15.

16.

17.

18.

19,

● Usc electric vibrators instca(l  t)~ II I(dI(t IIILal ones

● U SC combined ultrasonic aII[l clc{ll  ~.lllm{llctic  ~icld  oscillations
W e a k e n  (rcclucc) action I Cfiactit)tl, i) llt (~,1 Lwc additive with sharp mcnmry  effect into
wavcp,uidc  and/or  cladding fablic.at  1~111 pi ~ N( ~s.
lmprovc wavcguidc rcflcctioll  Ip cl~:t~  1}1 11111, fionl uni iolm to cmnpositc  materials. Principle
40: “ lJSli  0}: COMI)OS1’J’I;  h4A’1’)  :I<IAI /S :
● C13mpositc  materials (ch:ifl~!,c  li (}) 11 ul Ii fiIl 1 n to co] npositc,  mulliplc,  materials)
lmprovc wavcguide  rcflcclion  by I]!’i I 111 h) :ichic.ve  slightly more or lif,htly  less of dcsirccl

change of an object. I’rinciplc 16- L i’1’,1( ‘II 11 ~ OR I {X CI;SSIVJ i A(H’JON’:
. If 100% Of an effect is bald 10 a{litic ilsin[[ a ccrtail~  soluticm  ~ncthocl,  then by using

sliphtly  ICSS or slightly mo] c of’ [II( s:llli{ ]nctlmd, the ]MoblcJN ]nay h considcrab]y  easier
to Solve

lmpmvc wavcguidc  rcflcctioll t)) llllkit]~’  Imrtions of WI object that have fulfilled their
function go away. l’rinciJ>lc  34- ‘1 J] S( Al{l J] N(i AN I) l{li(X)Vlll<lN(i’:
. Make portions of an object {llai liav~’ fulfilled their flllwtion go away (discard by

dissolving,,  evaporating, ctt.)  (~1 11 i d 1 fj t I me din.ctly  during operation
. Conversely, restore ccmsuti~:illlc  [Jil( [. oj an ot~cct ditcc[ly  duri~tp, operations
lmpmvc wavcguidc  rcflcctio]] tp JII;IL III!I, WI objcc.t  ]m-folnl multiple functions. l]rinciplc  6-
‘IINIVIH<SA1.l”I’Y’:
. h4akc a part of an objcc[ pri fc~t 1 li ] I Iul(i] I!( func.ti{ms;  eliminate the need for other parts
lmprovc wavcguidc rcflcctiol]  I)y ]ll;i~ ill~’ (j: I< OI)ICCI  inside anotlm.  l’rinciplc  7 -  ‘NI~Srl’113)
1)01.1,’:
● l’lace onc object inside anolbc]. III:Ic. Cii L’h objcd in tmn, inside the other
● h4akc mc part pass throu[’11 a c:liil>  ii) IIIC otllcr
InlJmvc  wavcguidc reflect iol) t p Lt;irl ,’ )t:tt ~ ~)fi-11 Mors to achicvc  a positive effect. ]’rincip]c
22- ‘III.IHSING IN 1)1 S(; lllS1 ;’:
. lISC harmful factors (particlllal  I!, Iii 11111 (II cf’fccts  of tbc environment or surroundings) to

achicvc a posilivc  effect
● llliminatc the primary h:iIIIIfiIl  ;Iutioll 1):, adding, it to anotlm hmmful action to resolve the

problcm
. Amplify a harmful facto] to SUCII  (IcIIIu( that is ~Io ]ollgcr harmful.
lmprovc lip,ht  loss by invcrtillj’, tilt i{.{i In IISCS to SI.)lVC  the. pIol)lc II) (c,g.  instead of cooling
an object, heat it). l’rincip]c 13- “J’] 11 ~ I )’J’] II;]< \l’AY AROIINI)’:
● ]nvcrt  the action(s) used tt~ st~lf{  lil( ])]{ l[)lcni
. Make movable parts fixed ail~i  f’lx:d pa’ LS moval)lc
● “I”urn the object “upside dt)~v~]”
lmprovc lip,ht  loss by thermal cxjx~t  IS I(.  )11 III inciplc 3’/ - “l’] 11;l{h4Al,  llXI’ANSION’:
● llsc thermal expansion (0) cori[ra(  ii( [i(l:l) of Ili:itcrials.

Improve wavcguidc reflection b) us~)lll  p,llsinp,  actions or by pcl forming different actions
bctwc.cn impulses. l’rincip]c 19. ‘1’11:101}1(1  A(H’ION’:
● lnstcad of continuous action, u~;c l)CI  io(ii(: m ])ulsinp,  actions
. If an action is already pc] i(di(,, c1 IiiI I}IC (lIc pctiodic magnitidc  or frequency
. (Jsc p:iuscs bctwccn impulses  fu ](v lor~i)  a difbcnt  aclion



I

20. lmprovc wavc~:uiclc  reflection I)y usit IF, ])11. IW ti allsit  im~ plmnc)trma  (e.g. volume changes,
heal zibsorption).  l’rincip]c 36 ~ ‘)’1 IA!] ‘1’1/ ANSI’l  ION’:
● USC p h e n o m e n a  occul Iinj>,  (IL]l i] 1[: pl I IW !T al]sition (c.:,, vo lume changes ,  1 0 S S  o f

absorption ofhcal,  etc.)
2 1 .  lmprovc wavcguidc  rcflcctiol)  t)) u.ill~’.  Ilcxil)lc sl)clls and t h i n  filtns. l’rinciplc  30 -

‘I: I) I{ XI1]I,I; SIII{I,I,SANII  ‘1’IIIN l’JIN IS’
● (Jsc flexible shells and tllirr filllls il)’~c~}l oftl)[cc  ciiincllsional  structures
. ]solatc  the object from tllc  CX(CIIWI cn\’Jr(mnicllt Ijy usinp,  ficxiblc  shells and thin film

22. lmprovc wavc~~uidc reflection by ] (Tlll;icili[, I Iurnlal  cltvilonmcnt  wit]] an inert one. Princip]c
39- ‘I N1+X’1’  A’1’MOSPl ll;l<l~  ,’:

● ]<cJl]acc  a norms] cnvirollll~cll[  \\ri f}] aII I r~crt OIK’

●  A d d  ncutIal  pa r t s  or incrl add it i\( i I(J a I (Jbjcct

‘1’hc lnvcntivc Machine llffcc.ts (Ihl. 1) 1 xj). 1 i Systcln was used to act as a rcfrcshcr of
know]cdgc  related to physical, c)mnic:il  al ld 1111 ctmlical effects, that could bc taken advantage of
dul ing the process of 101<S inno~a{ i~~: ]~(.r 101 II Ifil Icc i]r]])lovcmcl]t. S i n c e  l)olarization of i n p u t

light is onc effect that was nccdcd to [),, uoll,idcr~xl,  two Ii(’,llt cftbcts were scarchcd  for and
provi dcd as rcfcrcnccd  informal i ()] ] l)) 11 IC 1 M I ; s(~f[ \~i II-C. After the desired effect description,
IM-11 soflwarc :ilso provided sa~l,{’,cst  io[ ]:. to l). followt.d.  “1’hc two lig,l]t  effects listed by IM-11
arc:

1 .  ~bsprp!im~ (~~ljgh~

“Absorption of light is a dccrcasc  in tl]c [1 ](t j’,) of a lip,l~t wave pro] la[yition in a substance. ‘1’his
dccrcasc  is duc to the transforil  ~at i[)ll [11’ 111( ~vavc’s cncrp,)’ into tllc intl insic energy of the
sLIbstancc or the energy of sccx)ll(lal  y ra :iia Ion tl)iit has anotlm  s])cctral composition and
dircc.tion  of propagation. ‘1’hc li~’,t  It al IM}l 1 lt io] I spcctrurn dcpcIds on the chemical  na ture  and
aggrcgat  c state of the substance. ‘]’1 w CU1OT of (1 yc aIId mineral solutions may bc cxp]aincd  by
sclcc,tivc  ]ip,ht  absorption. Absoq)iioll  ~)j 1111,1 It i llsc{i  to study the composition of a substance, to
make a c.hcmical analysis of sul~s[al  N..C (,ilw ~rJ)tion spectrum analysis). lnfrarcd  heaters arc
designed on the bases of clcctronwjyci  ic wiIi’( ;IIMOI l)ti(~l~  ~~llCI~OI]lL:IICjI~”.
‘1’hc effect al)y~ption  of. ligl~t  allo~vs tilt :I(til ~rl li\~Al ( IArl’l;  W] 11:.1 <11 1,l(il 1’1’ IS 1,0S”1’ ANI)
CX)R1{l;C’I’  ‘1’1 II; PR0131.llM to be ]Icr f(u 1111.xI

Analysis of the solution achicvccl.
IIll]llclllclltatioll  of so lu t ion  obtaillc(i I ~(~uir[s: INCI<I;AS1; I’01/AR17/A’l’ION  (31; INPU’I’
1/1(; 11’1’.

“I)oublc refraction implies the sj}]it[i[l[’ cl! i; Ijcaril  of light into two mutually perpendicular
polarized beams that have diffc~~.111  ~{lo(itim of pro]m~,ation  in tl)c medium, l)oub]c refraction
occurs when the beam of light pawrs  tlII { IU !),II r I .mli  sot I ~)pic t[ansparcmt medium, ‘1’hc first beam



—

.,

is polar-inxt pm pcndicu]arly  to IIIC o]]t ical  :~xis  of” the o ystal; the second beam is polarized in the
principal plane of the crysta],  ‘J’]lc ~rti]oc  it) o; J)ropal:ation alvd tl)c rcftac.tive index of the first
beam arc indcpcnclcnt  of the dil cct  io[  I of its I)r 1] mga(io]i, while tbosc of the second beam depend
on its propagation. A phcnomwmn  i(lc~~i IM1 [o CIOU1)lC rcfl action CXin be observed in other
wavelength ranges ofmagnctic  waves”,
‘1’hc effect ~~()~Il~lC  rcfractioI~ allov,s  flIc  a::[i(~ll I{VA1 ,lJA’1’I’.  WI 11;1{1{ 1,lGII’1’ IS 1,0S’]’ ANI]
~()]<]{]i(~’]’  ‘]’] ]]; I’R0131.I;M to ~Jc ])CJ [()] IIl(d.

Anal ysis of the solution achicvcd
]~]~l~]cl]~cl]tatiol~  of the solution ac)~ic~cd  tt(juitts:  INCI<llAS1lI ) 1’01 ,AR17,A’I’1ON OF ]Npul’
ljl(ill’l’.

‘1’hc two 1 M-ii effects listed above i+t c 1) It]} slil’,j~,cs[ing  the sa]]]c solution , which
polarization of input light.  ‘1’l]is  su~I,~’,c:;tI(~It  IS ad(icd  and coun(cd as tbc 64-tll
possible solutions.

Xl. A~~ll.ogy_Sty~y,  llvaluatigl!  {tt!{~ Stlc(tit~Jl  I j l@t St)lytjg]js

s to incrcasc
M suggested

l:or each of the 64 IM suggested solut i(>~l, I M ~lata  I)asc also p~ovidc(l easy access and display of
cmc or lnorc cxatnplcs  of patm]ts al]d illl:ciltil  )t]s that ale usinf: si]ni]ar ]winciples as to the lM
sug[),cstc(i  solution. ‘1’hroup,b fut tbcl ;tn a)tlg! and pc] sonal cxpcrtisc  ard  cxpcricncc,  specific
ncw proJmscd solutions to inlmvat  i~’(1  l) ill~l  I c )VC 1(11{S all[!,ulal  ] atc scl)sing capability WCJ’C
gcncratcci.  Most of these ~~~ccilic  II(W l)t ()]) ~scd solutions WCIC  p,cllcratcd  as a result of a
trimminp,  prmcss  and by con~billinj~,  two 01 ]m }tc of IIN’ initial 64 1 M suggested solutions. Some
of these ncw sl)cciilz  solutions lml Ilci$  (x~]]fl ! ([s and ]Jroblcn)s to bc solved. l~or each of these
ncw solutions, a “Course of Ac[iw l’” at)~l ‘“l },]wctcd  Results>’ WCIC  generated, along wit}~  the
icicntific.ation  of “’l”hc 1.CVC1 of l’lti(:.(i(.:~li  [j”, ‘ (~onclusion”,  ami “l<allking”. The header of the
tab]c used to evaluate and rank cacti  sj)c i{ic ]}CW ]N(qmscd  101<S pcrfo~mancc  improvement
solution is provi(jcd in l~igum 3. 1]1 or do t ~ protect the IKW]y  p,clicratcd  101{S innovative
improvement related intellectual ])) c)] ~:] i I;, (11( list of IIIC ncw ~~mcific  ])roposcd  solutions and
their ranking al c not shown.

‘New l’roposc(~-
Specific. Solution

.—

—. . . . .
Ncw l’roblcl]l o]

Solved

—.—... . “ . 1“ ““”-1. . . . . . . . . . . . . “-L. -”- . . . . . . . . . . .. —.  ——-

l:igurc  3. Sclccti(l]l  of” ll[\l l~cw Specific l’mposcd Solutions

‘1’hc first two ranked Wccific  JKX prol ms:d s{)! ut iol~s  were gcncra[c.d  by combining two or
initial IM suggested possib]c  solutions ;IT I ;.~ UICI ~ col]sid~lcd  to IIavc ]xitcnt ICVC1 of q~iality.

more


